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ENABLING TECHNOLOGIES FOR GRAPE TRANSFORMATION 
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ABSTRACT 

TO1"+1/12B1")C"81R"51;O8)/)-,1B",B")C518"O2041+1*"L>"*)R8B5+120"/1-2/"28*"+1-K/25)+>"+)2*L/);FB6""."5O)+)K-O"282/>B,B")C"

5O1";K++185",851//1;5K2/"4+)41+5>"Vh=Y"+,-O5B")C";)00)8/>"KB1*"+1B12+;O"5))/B",B";+K;,2/"5)"29),*,8-"5O1B1")LB52;/1B<"1B41;,2//>"

,8"+1-2+*B"5)"2-+,;K/5K+2/"L,)51;O8)/)-><"B41;,C,;2//>"4/285"5+28BC)+025,)8!+1/251*"51;O8)/)-,1B6""e114,8-",8"0,8*"5O1",85+,;251"

425185"/28*B;241"2B"R1//"2B"5O1"B5+)8-"h="51;O8)/)->"4)+5C)/,)",8"5O1"4KL/,;"B1;5)+<"5O,B"4+)Q1;5"/))FB"5)";)0L,81"5O1B1"

292,/2L/1"51;O8)/)-,1B"C)+"4/285"5+28BC)+025,)86""TO1"-)2/")C"5O,B"+1B12+;O"4+)Q1;5",B"5)"*191/)4"2"-+241!B41;,C,;"+1;)0L,82B1!

L2B1*"02+F1+"1P;,B,)8"B>B510"C)+"5O1"-181+25,)8")C"-1815,;2//>"18-,811+1*"Vitis 5O25",B"02+F1+"C+11"28*";28"L1"0)+1"

20182L/1"5)"02+F15"185+>6""TO1"285,;,4251*";)8B5+K;5"R,//"4+)9,*1"2";)8918,185"0128B")C",8B5,5K5,8-"5O1"92+,)KB"=,1+;1ZB"

*,B12B1";)85+)/"B5+251-,1B6""h8"5O,B"+14)+5,8-"41+,)*<"R1"4+1B185")K+"+1BK/5B",8"92/,*25,8-"F1>";)04)8185B")C"5O1"5+28BC)+025,)8"

4/25C)+06"

"

INTRODUCTION 

=h=(.<"=KL/,;"h851//1;5K2/"=+)41+5>"(1B)K+;1"C)+".-+,;K/5K+1<",B"2"8)84+)C,5<"4KL/,;"B1;5)+")+-28,S25,)8";)04+,B,8-"2"

0K/5,5K*1")C"K8,91+B,5,1B"28*",8B5,5K5,)8B"*1B,-81*"5)"0282-1"5O1";)04/1P"h851//1;5K2/"=+)41+5>"Vh=Y"/28*B;241"2B"R1//"2B"

*191/)4"5O1"5))/B"C)+"5O1"*14/)>0185")C";)001+;,2/"28*"OK028,52+,28"2-+,;K/5K+2/"51;O8)/)-,1B6""=,1+;1ZB"*,B12B1"V=3Y"

+1B12+;O"O2B"2/+12*>"-181+251*"4+)0,B,8-"/)8-!51+0"5+28B-18,;";)85+)/"B5+251-,1B6""A8C)+5K8251/><"5O1"4+)4+,152+>"825K+1")C"

5O1B1"-181"5+28BC1+"5))/B",B"K8/,F1/>"5)",8;)+4)+251"C125K+1B"5O25"2+1";)0425,L/1"R,5O"19)/9,8-"+1-K/25)+>"C+201R)+FB6""TOKB<"

+1B12+;O")K54K5"R,5O";)001+;,2/"4)5185,2/"LK5"*191/)41*"KB,8-"51;O8)/)-,1B"R,5O"/,0,51*"C+11*)0!5)!)41+251"V`T]Y"02>"

811*"5)"L1"+118-,811+1*"R,5O"/1-2/"28*"+1-K/25)+>";)8B,*1+25,)8B6""TO,B"+1B12+;O"4+)Q1;5"2,0B"5)"*191/)4"28*"51B5"2"

5+28BC)+025,)8"B>B510"8)5")8/>"C)+"+1B12+;O<"LK5"C)+";)001+;,2/"*191/)40185")C"=3";)85+)/"B5+251-,1B",8"-+241"5O25"2**+1BB"

h="28*"+1-K/25)+>",BBK1B6"

"

OBJECTIVES 

#6" 31B,-8<"*191/)4<"28*"92/,*251"2"-+241!B41;,C,;"5+28BC)+025,)8"B>B510"5O25"2**+1BB1B"/1-2/"h=<"51;O8,;2/"28*"+1-K/25)+>"

;)8B,*1+25,)86""

H6" 3191/)4"2/51+825,91B"5)"Agrobacterium-01*,251*"5+28BC)+025,)8"C)+"D2/,C)+8,2"R,81"-+241B"28*m)+";K/5,92+B"BK,52L/1"C)+"

-181+25,8-"+))5"B5);FB6"""

%6" 3191/)4"B5+251-,1B"5)"*,BB10,8251"L,)/)-,;2/"+1B)K+;1B"K8*1+"244+)4+,251"/,;18B,8-"2-+110185B"C)+"5O1"=3";)00K8,5>6"""

&6" 7P4/)+1";)//2L)+25,91")44)+5K8,5,1B"R,5O"+1B12+;O1+B"*191/)4,8-"=3";)85+)/"B5+251-,1B"5)"/,8F"5O1"*191/)41*"

5+28BC)+025,)8"51;O8)/)-,1B"R,5O"B41;,C,;"=3"+1B,B528;1"51;O8)/)-,1B6"

"

RESULTS 

Tranformation vector system:"TO1+1"2+1"B191+2/"02+F1+"+10)92/"B5+251-,1B"5O25"O291"L118"104/)>1*",8"92+,)KB"4/285B"

B41;,1B6""N)R191+<"L1;2KB1")C"5O1"/)8-"-181+25,)8"5,01")C"-+241B<"5O)B1"B5+251-,1B"RO,;O"*1418*")8"0K/5,4/1"4/285"

-181+25,)8B"2+1"8)5"C12B,L/1"C)+"-+241";K/5,92+B6""]K+"B5+251-><"RO,;O"O2B"L118"51B51*",8"B191+2/"0)*1/"4/285"B>B510B<"K5,/,S1B"2"

+1;)0L,82B1!L2B1*"1P;,B,)8"C)+"+10)92/")C"5O1"B1/1;52L/1"02+F1+<"2C51+"5+28B-18,;"/,81B"O291"L118"B1/1;51*"C)+<"R,5O)K5"5O1"

4)BB,L,/,5>"C)+"+1!,851-+25,)8")C"5O1"02+F1+"V32/1"28*"]R"#$$#<"(KBB1//"15"2/6"#$$H<"X/1291"15"2/6"#$$$<":K-,52"15"2/6"#$$$<"

:K-,52"15"2/6"HIII<"N)O8"15"2/6"HII#<"nK)"15"2/6"HII#<":;O22+5"15"2/6"HII&Y6""TO1"+1;)0L,82B1!01*,251*"5+28BC)+025,)8"91;5)+"

,B"*1B,-81*"R,5O"2"5O+11!42+5"B>B510^"2"4/285"02+F1+"5)"B1/1;5"C)+"12+/>"5+28BC)+0285B<"2"+1;)0L,82B1"-181"*+,918"L>"28"

,8*K;,L/1"4+)0)51+"5O25";28"L1"5+28B,185/>"2;5,9251*"5)"+10)91"5O1"4/285"B1/1;52L/1"02+F1+<"28*"2"81-25,91"B1/1;52L/1"02+F1+"

V=1+1+2"15"2/6"#$$%<"X/1291"25"2/6"#$$$Y"5)"F,//"5O1";1//B",8"RO,;O"4))+")+",8;)04/151"+1;)0L,82B1!01*,251*"1P;,B,)8"O2B"

);;K++1*6""U,5O"5O,B"B5+251-><"R1"R,//"L1"2L/1"5)"1/,0,8251"5O1"B1/1;52L/1"02+F1+"*K+,8-"5O1"C,+B5"-181+25,)8")C"5O1"4/285"5,BBK16""

DK++185/><"=h=(.ZB"+1;)0L,82B1"5+28BC)+025,)8"91;5)+",B",8",5B"C,82/"B52-1B")C";/)8,8-6""

"
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Figure 2.  GUS expression in grape callus transformed with 

pER8:GUS grown on medium without estradiol (left) and grape callus 

grown for 48 hours on medium containing 50 uM estradiol (right)"

Figure 1.  Negative selection construct to test efficacy 

Par-A mediated recombinase activity in tobacco and 

grape. 

Selectable markers:"=+19,)KB"+1B12+;O"C);KB1*")8"51B5,8-")5O1+"4/285"B1/1;52L/1"02+F1+B"BK;O"2B"37`"28*".5RL;#$W"O)R191+<"

81,5O1+")C"5O1B1"02+F1+B",B"BK,52L/1"C)+"-+241"5+28BC)+025,)86""TOKB"C2+<"b=Thh"28*"O>-+)0>;,8"O291"BO)R8"5)"L1"0)+1"

1CC,;,185"4/285"B1/1;52L/1"02+F1+B6""TO)K-O"5O1+1",B"2"418*,8-"244/,;25,)8<",5"24412+B"5O1"b=Thh"02+F1+"02>"O291"-+1251+"`T]"

,8"5O1"812+"CK5K+16"

"

Negative Selection System:"h8"2**,5,)8<"=h=(."O2B"4+)4)B1*"KB,8-"2"81-25,91"02+F1+"B1/1;5,)8"RO,;O"R,//"4+)9,*1"2"0128B"

)C"1/,0,825,8-"5+28BC)+0285B",8"RO,;O"5O1"+1;)0L,82B1"-181"O2B"C2,/1*"5)"4+)41+/>"1P;,B1"5O1"K8R2851*"3b.6""]K+"81-25,91"

B1/1;5,)8"B>B510"02F1B"KB1")C";>5)B,81"*120,82B1"RO,;O"BO)RB",04+1BB,91"B18B,5,9,5>"RO18"1P4)B1*"5)"'!C/K)+);>5)B,816""

TO,B"81-25,91"B1/1;5,)8"B>B510"O2B"2/+12*>"L118"51B51*"R,5O"5O1"+1;)0L,82B1!01*,251*"1P;,B,)8"B5+251->"C)+"4/2B5,*"

5+28BC)+025,)8"VD)+81,//1<"fK5S"15"2/6"HII#Y"28*"B5+2RL1++>"V:;O22+5<"e+18B"15"2/6"HII&Y6""h="282/>B,B"+1912/1*"5O25"R1"O2*"

244+)4+,251"C+11*)0"5)")41+251"V`T]Y"5)",B)/251"5O1";>5)B,81"*120,82B1"-181"C+)0"E. coli"e#H"@X#a''6""D/)8,8-")C"5O,B"

;2BB1551",B";)04/151<"R,5O"5O1";>5)B,81"*120,82B1"-181"L1,8-"*+,918"L>"5O1"`@g%&:";)8B5,5K5,91"4+)0)51+6""TO1";2BB1551"O2B"

L118"BK;;1BBCK//>";/)81*",85)"2"L,82+>"5+28BC)+025,)8"91;5)+"28*"5+28BC)+01*",85)"-+241"28*"5)L2;;)";2//KB6""TO1"5+28BC)+01*"

5,BBK1"R,//"L1"5+1251*"R,5O",8;+12B,8-"20)K85B")C"'!C/K)+);>5)B,81"5)",*185,C>"5O1";)8;185+25,)8"81;1BB2+>"5)"1/,0,8251"5O1"

5,BBK16""TO)B1"1P41+,0185B"2+1";K++185/>")8-),8-6"

"

."42+2//1/"1P41+,0185"2,0B"5)"51B5"5O1"1CC,;2;>")C"5O1"=2+!."

1P;,B,)8"2;5,9,5>"4+,)+"5)";)001+;,2/"28*"OK028,52+,28"

*191/)40185")C")K+"91;5)+6""U1"R,//"104/)>"28)5O1+"5>41"

)C"81-25,91"B1/1;5,)8",89)/9,8-"3B(1*"28*"XA:"+14)+51+"

-181B"VFigure 1, panel AY6""TO1"+1;)0L,82B1"1CC,;,18;>"

;28"L1"192/K251*"L>";)042+,8-"1P4+1BB,)8"/191/B")C"5O1"

5R)"9,BK2/"02+F1+B6""."BK;;1BBCK/"+1;)0L,825,)8"19185"R,//"

+1BK/5",8"5O1"*1/15,)8")C"5O1"((:!C/28F1*"3b.<"RO,;O"

;)852,8B"5O1"O>-+)0>;,8"4/285"B1/1;5,)8"02+F1+"2B"R1//"2B"

5O1"3B(1*"02+F1+6""TO1+1C)+1<")8/>"5O1"XA:"02+F1+<"

4/2;1*",8"5O1"X]h";2BB1551"BO)K/*"L1"1P4+1BB,8-",8"5O1"

4/285"(Figure 1, panel B)6""U1"2+1";K++185/>",8"5O1"C,82/"

B52-1")C"5O1";/)8,8-")C"5O,B";)8B5+K;56""TO1"/2B5"B514",B"5O1"

,8B1+5,)8")C"5O1";)04/151*"=2+!."+1;)0L,82B1";2BB1551"

0)*K/16"

 

Promoters:"TO,B"5+28BC)+025,)8"4/25C)+0"R,//"

,8;/K*1"2"8K0L1+")C";)8B5,5K5,91"4+)0)51+B"C)+"

1P4+1BB,)8",8"-+241B"V=K+*K1ZB"@.:<"A8,91+B,5>"

)C"D2/,C)+8,2ZB"AD"`@g%&:<"X#I!$I"C+)0"nK)<"

b,K"15"2/6"HIIIY6""h8"2**,5,)8<"R1"O291"

,8;)+4)+251*"28"1B5+)-18!,8*K;,L/1"4+)0)51+"

B>B510"C)+"5,-O5";)85+)/")C"5+28B;+,45,)8"2;5,9,5>6""

TO,B"4+)0)51+"R,//"L1"KB1*"5)"+1-K/251"5O1"

1P4+1BB,)8")C"5O1"+1;)0L,82B1"-1816""=+1;,B1"

;)85+)/")C"1P4+1BB,)8")C"5O1"+1;)0L,82B1"-181",B"

4+1C1++1*"5)"29),*"4+1025K+1"1P;,B,)8"RO,;O"

02>");;K+"*K1"5)"5O1"/12F>"1P4+1BB,)8")C"

;)8B5,5K5,91"4+)0)51+B6""TO1"1B5+)-18!,8*K;1*"

cg7"B>B510"O2B"L118"4+19,)KB/>"KB1*",8"2";+1!/)P!01*,251*"02+F1+"C+11"B>B510",8".+2L,*)4B,B"VnK)<"b,K"15"2/6"HII#Y6""TO,B"

B>B510"R2B"4+1C1++1*")91+"28)5O1+",8*K;,L/1"4+)0)51+<"5O1"-/K;);)+5,;),*!B>B510"V.)>202"28*"DOK2"#$$GW"]KR1+F1+F<"*1"

e20"15"2/6"HII#Y<"RO,;O"+1\K,+1B"5O1"KB1")C"*1P2015O2B)81"5+1250185"5O25";28")C518",8O,L,5"4/285"5,BBK1"+1-181+25,)8"2B"R1//"

2B";)852,8"O,-O"L2;F-+)K8*"/191/B"VnK)<"b,K"15"2/6"HIIIY6""TO1"cg7"B>B510"VnK)<"b,K"15"2/6"HII#Y"R,5O"2"XA:"+14)+51+"-181"

R2B"51B51*",8"5)L2;;)"28*"-+241"5+28BC)+0285B"R,5O"4+)0,B,8-"+1BK/5B"(Figure 2)6"

"

h8"2**,5,)8<"R,5O"BK44)+5"C+)0"/1-2/";)K8B1/<"R1"+1;185/>";)8;/K*1*"5O1"h="282/>B,B")C"5O1"cg7"B>B5106""T)";)8*K;5"5O1"h="

192/K25,)8")C"5O1"cg7"B>B510<"R1"*,9,*1*"5O,B"B>B510",85)"5O+11"42+5B6""=2+5".";)8B,*1+1*"5O1"5O+11";)04)8185B")C"5O1"cg7"

CKB,)8"4+)51,8^"f1P."E,8*,8-"3)02,8"VcY<"g=#a"T+28B;+,45,)8!.;5,925,)8"3)02,8"VgY<"28*"7B5+)-18"(1;145)+"V7Y6""=2+5"E"

;)8B,*1+1*"h="+1/251*"5)"5O1"f1P."]41+25)+"B1\K18;16"""TO1"f1P."]41+25)+"B1\K18;1"R)K/*"L1"B,5K251*"L1C)+1"5O1"-181",5",B"

+1-K/25,8-<",8"5O,B";2B1"5O1"+1;)0L,82B1"=2+!."-1816""`,82//><"42+5"D"+19,1R1*"5O1"/1-2/"/28*B;241"2+)K8*"5O1";)8B5,5K5,91"

X#I!$I"4+)0)51+"RO,;O"*+,91B"5O1"cg7"CKB,)8"4+)51,8"(Figure 3)6""TO1"+1BK/5B"C+)0"5O,B"+19,1R"BO)R"5O1"51;O8)/)->"R)K/*"

+1\K,+1"/,;18B,8-"C+)0"();F1C1//1+"A8,91+B,5>6""=h=(.")+,-,82//>")L52,81*"5O1"cg7"B>B510"C+)0"();F1C1//1+"A8,91+B,5>"

K8*1+"2"+1B12+;O")8/>"0251+,2/"5+28BC1+"2-+1101856""T)";)8B,*1+";)001+;,2/"KB1")C"();F1C1//1+ZB"4+)0)51+<"R1"O291",8,5,251*"

;)891+B25,)8B",8")+*1+"5)",8;/K*1"5O,B";+,5,;2/";)04)8185"2B"42+5")C"5O1"425185"4))/"5O25"R)K/*"L1"02*1"292,/2L/1"5)"5O1"=3"

;)00K8,5>6"
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CONCLUSIONS 

(1B12+;O"5)";)0L25"5O1"5O+125")C"=3")8"D2/,C)+8,2ZB"R,81"-+241",8*KB5+>"O2B"/1*"5)"5O1"*191/)40185")C"B191+2/"4+)0,B,8-"

5+28B-18,;"244+)2;O1B"V.-K1+)"15"2/6"HII'<"(1,B;O"28*"e,FF1+5"HII'Y6""(1-2+*/1BB")C"5O1"BK;;1BB")C"5O1B1"4+)Q1;5B<"5O1>"

18;)042BB1*"4+)4+,152+>"51;O8)/)-,1B"5O25"R)K/*"O,8*1+"5O1,+"*)R8B5+120";)001+;,2/"4+)*K;5,)8"*K1"5)"h="+1B5+,;5,)8B6""h8"

)+*1+"5)"2*928;1"5O1"5+28B-18,;"-+241"51;O8)/)-><",5",B";+,5,;2/"5O25"5O)+)K-O"h="282/>B,B"L1";)8*K;51*",8";)8QK8;5,)8"R,5O"5O1"

+1B12+;O"BK;O"5O25"81R";)85+)/"B5+251-,1B",8"5O1"/2L";28"L1"2*)451*"L>"5O1";)001+;,2/"B1;5)+"R,5O)K5"K881;1BB2+>"*1/2>B")+"

811*"5)"+118-,811+"5+28B-18,;"4/285B6""E1;2KB1")C"5O1",8;+1*,L/>"/)8-"-181+25,)8"5,01")C"-+241B<"K4"5)"5R)!5O+11">12+B<",5",B"8)5"

C12B,L/1"5)"*191/)4"51;O8)/)-,1B"5O25"0KB5"L1"+141251*"*K+,8-"5O1";)001+;,2/"4O2B1")C"*191/)40185"L1;2KB1")C"h="+1B5+,;5,)8B"

5O25";)K/*"O291"L118"29),*1*"25"5O1"L1-,88,8-")C"5O1"4+)Q1;56""`)+"1P204/1<"5O1"5O)+)K-O"h="282/>B,B")8"5O1"+1;)0L,82B1!

01*,251*"4/285"5+28BC)+025,)8"B>B510"C)+"-+241"4+)9,*1B"2";/12+"/1-2/"425OR2>"C)+";)001+;,2/"244/,;25,)8B")C"5O1B1"

51;O8)/)-,1B6""=h=(.ZB"244+)2;O"5)"C)+0"2"425185"4))/")C"5O1"51;O8)/)-,1B"81;1BB2+>")+"5O1"=3";)00K8,5>"O2B"4291*"5O1"

R2>"C)+"5O1"*191/)40185")C"51;O8)/)-,1B"R,5O"02P,0K0"`T]"C)+"+1B12+;O")8"=3"28*"-/2BB>!R,8-1*"BO2+4BO))51+"

244/,;25,)8B6"

"
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Figure 3.  The XVE fusion protein driven 

by the constitutive G10-90 promoter. 

Completed IP analysis of this piece now 

provided us complete FTO. 
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